Link Adaptation (LA) in OFDM systems
In OFDM systems, system bandwidth is divided into many fractions, named sub-carriers. Information is transmitted simultaneously from all these sub-carriers, and because different sub-carriers occupy different frequency, the information can be recovered in the receiver. The block diagram for such systems is shown in Fig. 1 . As far as multiple streams on all these sub-carriers are concerned, the problem came out about how to allocate the transmit power and bits on all the sub-carriers, so as to bring highest throughput with constraint of QoS, or BER requirement. Due to the fact that there exists channel fading and that the impact with different sub-carrier varies because of the multi-path fading, the allocation should be different for different sub-carriers. The system can be described with the following equation. 
where S n denotes the modulated signal on the n-th sub-carrier, which carries b n bits with normalized power; P n denotes the transmit power for the sub-carrier; H n denotes the channel www.intechopen.com fading for the sub-carrier; N n denotes the additive white Gaussian noise (AWGN) with variance of σ 2 ; and R n denotes the received signal on the sub-carrier.
Fig. 1. Block diagram for OFDM with link adaptation
In that case, the received signal-to-noise ratio (SNR) can be calculated as
In order to satisfy the requirement of BER, the received signal should satisfy that SNR n is larger than a certain threshold, or T v for the v-th modulation. In the chapter, we assume that the target BER is 10 -3 . Hence, the constraint of BER can be described as
As for the transmit power, it is required that the total transmit power should be constraint to a certain value P. That is to say
As a conclusion, the optimization problem is how to determine b n and P n to maximize throughput, i.e. 
subject to equations (3) and (4).
Application of greedy algorithm in OFDM systems
The Greedy algorithm can be applied in solving the problem of (5). For the research in the section, we assume the parameters for the candidate modulation as shown in Table 1 , where the thresholds are obtained through simulation.
In order to obtain the maximum throughput across all these N sub-carriers, Greedy algorithm can be taken advantage of. The problem can be seen as a problem with global optimization, and Greedy algorithm can help achieve the global optimization with a lot of local optimization. The theory of Greedy algorithm can be understood from an example shown in Fig. 2 .
v Modulation Number of bits b(v) T(v) 0 No transmission 0 0 1 QPSK 2 9.78dB 2 16QAM 4 16.52dB 3 64QAM 6 22.52dB Table 1 . Candidate modulation and parameters
Fig. 2. Theory of the application of Greedy algorithm in OFDM systems
In the initialization step, all the sub-carrier is allocated with 0 bit. And the required additional power with one additional bit for all sub-carriers can be calculated. The local optimization is to allocate one bit to the sub-carrier with the least required power. Hence, as shown in Fig. 2 , the 1st sub-carrier is allocated with 1 bit. And the required additional power with one additional bit for it is updated. In the second allocation, the 3rd sub-carrier obtains the least required additional power. Hence it is allocated with 1 bit. The processes continue until all sub-carriers are allocated with the maximum bits or the power is not enough to support one further bit. When the processes end, the global optimization is achieved and the current allocation is the optimal allocation with the maximum throughput. Due to the candidate modulations in Table 1 , the incremental bit number is 2 in the research. Fig. 3 shows the BER performance with Greedy algorithm, and the performance with fixed modulation of QPSK, 16QAM and 64QAM is shown for comparison, where SNR in the xaxis denotes the average SNR in the link. From the figure, the fixed modulation schemes have bad performance. Only when SNR is as high as 30dB can the BER achieve 10 -3 . When Greedy algorithm is adopted, the BER performance can achieve the target BER with all SNR cases. Hence, it can be concluded that Greedy algorithm can satisfy the requirement of BER very well. Fig. 4 gives out the throughput performance with Greedy algorithm. As SNR rises larger, the throughput can achieve higher, with the maximum of 6 bits/symbol which denotes that all sub-carriers adopt 64QAM in this case. According to Greedy algorithm, the throughput is maximized.
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Application of greedy algorithm in multi-user OFDM systems
When multiple users are concerned, the problem becomes more complex. The block diagram for a typical multi-user adaptive OFDM system is shown in Fig. 5 . Downlink transmission is taken for research in the section. It is assumed that channel state information (CSI) regarding to all users is available for the base station (BS). In the transmitter on BS, resource allocation is carried out according to CSIs regarding to all the users, so as to determine the allocated sub-carriers for each user, as well as the transmit power for subcarriers and loaded bits on them. Different loaded bits correspond to different modulation. All users' bits are modulated accordingly, after which inverse discrete Fourier transform (IDFT) is carried out and cyclic prefix (CP) is added to form OFDM symbols to transmit. In the receiver on each mobile terminal (MT), symbols in frequency domain are obtained after removing CP and DFT. Relevant demodulation is carried out for all sub-carriers, and source bits for each user are recovered finally after demodulation. Considering a multi-user adaptive OFDM system with M users and N sub-carriers, the multi-user adaptive system model can be described as:
where S m,n denotes power-normalized modulated symbol on the n-th sub-carrier for the mth user; it contains b m,n source bits. In order to eliminate interference among the users, each sub-carrier can be allocated to only one user in the system, i.e.
. P m,n denotes allocated power for S m,n . H m,n denotes channel transfer function for S m,n. P m,n and b m,n is determined according to H m,n by the "multiuser sub-carrier, bit and power allocation" block as shown in Fig. 5 . N m,n denotes the additive white Gaussian noise (AWGN) with variance σ 2 . R m,n is the received symbol in the receiver on the m-th MT.
Multi-user resource allocation problem
From (6), the received SNR can be calculated as 
As for conventional multi-user OFDM systems, each user is allocated with N/M sub-carriers with constant power fixedly. The throughput is very low since it is very likely that many users are allocated with sub-carriers with poor CSI. And the fairness performance is also poor. Adaptive resource allocation can take advantage of CSIs for all users to improve system performance through reasonable allocation of sub-carriers, bits and power. The multi-user adaptive problem for an OFDM system can be described as maximizing overall throughput while satisfying requirement of fairness, subject to power restriction and QoS requirement. Consequently, the problem can be described in the following way. 
Multi-user adaptive resource allocation methods
The optimal joint problem of sub-carrier, bit and power allocation is a NP-hard combinatorial problem. It is quite difficult to determine how many and which sub-carriers should be assigned to every user subject to many restrictions as shown in (9). Some existing typical methods are introduced in [7] [8] [9] [10] [11] . They perform well in some aspects, but for services with tight fairness requirement, these solutions cannot provide nice performance.
A. Existing methods
According to [7] [8] [9] [10] [11] , there have been many methods to allocate resources including subcarriers, bits and power to multiple users. The fixed sub-carrier allocation method allocates the same number of sub-carriers to each user fixedly, and then adopts the optimal Greedy algorithm [6] to carry out bit-loading and power allocation on all sub-carriers [9] . This merit of the method is quite simple, and fairness can be guaranteed in a certain degree since each user is allocated with the same number of sub-carriers. But since it is very likely that many users are allocated with sub-carriers with poor CSI, the throughput is low; and because CSIs of different users vary much, fairness performance is also poor. Typically, [11] provides another solution. In each allocation, a user is assigned with one subcarrier with the best CSI from the remaining un-allocated sub-carriers. For allocations with odd indices, the order to allocate sub-carriers is from the 1st user to the M-th user. For allocations with even indices, the order is from the M-th user to the 1st user. Allocation continues until all sub-carriers are assigned. The optimal Greedy algorithm is then adopted to accomplish bit-loading and power allocation. The ordered allocation method avoids that some user's sub-carriers have much better CSI than other users, and fairness can be improved much over the fixed method. The fixed allocation method and ordered allocation method both allocate resources in two steps, and fairness is fine in some degree by allocation equal number of sub-carriers to each user. But because CSI of different users may vary greatly, allocating the same number of sub-carriers to all users may not provide enough fairness for some services with tight fairness requirement. Therefore, a multi-user sub-carrier, bit and power allocation method is introduced in the following, which can bring to much better fairness than the existing methods, while achieving high throughput and satisfying QoS requirement.
B. Proposed method
In the proposed method, sub-carriers are allocated equally to all users firstly as initialization. This step realizes coarse sub-carrier allocation. Second, bits and power are loaded on the sub-carriers following the optimal Greedy algorithm for all users. Coarse resource allocation is fulfilled in the two steps, and they can benefit much for the overall throughput. In order to improve fairness as required, the next step is added. In the 3rd step, sub-carriers, bits and power are adjusted among all users. This step can be seen as fine adjustment for the resources. The three steps can be described as follows.
Coarse sub-carrier allocation
This step is to allocate sub-carriers to all users with high throughput and coarse fairness among all users. The numbers of allocated sub-carriers are the same for all users. In every allocation, if the CSI relating the m-th user and the n-th sub-carrier is the best, the n-th sub-carrier will be allocated to the m-th user. The allocation for one user will be terminated when the user has been allocated with N/M sub-carriers. We make the assumptions: Θ=Θ\{n} denotes removing the n-th sub-carrier from the set Θ, and φ denotes the null set; c(n) denotes the index of user who is allocated with the n-th subcarrier; N m denotes the number of allocated sub-carriers for the m-th user. The processes for this step are as follows. 
Coarse bit loading and power allocation
The optimal Greedy algorithm is adopted in this step to realize bit loading and power allocation on all the sub-carriers. We assume that: v n denotes the index of the modulation adopted on the n-th sub-carrier; P 0 denotes the remaining power; P n indicates power allocated on the n-th sub-carrier, and W n denotes the required additional power in order to adopt a next higher order modulation. Then the step can be described as follows.
{1, 2,..., }; {1, 2,..., } NM Θ= Ψ= Step 2, the numbers of allocated sub-carriers for all users are the same, and the most bits are loaded to the sub-carriers through Greedy algorithm. However, due to the fact that CSI for all users varies much, the numbers of loaded bits may vary much for all users. This causes big difference in allocated bits for all users. Hence, Step 3 is used to make modification to the allocated sub-carriers and bits: reallocate sub-carriers of the user with the most number of loaded bits to the user with the least number of loaded bits. In each iteration, we assume the U max -th and the U min -th user obtain the most and the least number of loaded bits for current allocation scheme, respectively. This step reallocates one subcarrier of the U max -th user to the U min -th user to balance the allocated bits among the users, so as to guarantee the fairness; and in order not to bring down the throughput greatly, the sub-carrier with the worst CSI for the U max -th user is reallocated to the U min -th user. After the re-allocation of sub-carriers, Greedy algorithm is adopted again for bit-loading on the new sub-carrier allocation scheme. The iterations continue until the difference among the loaded bits of all users is low enough. Since this step reallocates the sub-carriers for balance among the loaded bits for all users, the overall throughput may be reduced, but fairness can be guaranteed better. We assume that β m denotes the loaded bits for the m-th user; S max and S min denotes sub-carriers set which contains sub-carriers allocated to the U max -th user and U min -th user, respectively; S0 denotes the sub-carrier with worst CSI for the U max -th user.
Step 3 can be realized as follows. 
Simulation results
In order to give comprehensive evaluation to the proposed method, simulation is carried out and analyzed in the section. The adopted channel model is a typical urban (TU) multipath channel composed of 6 taps with the maximum time delay of 5μs [12] and the maximum moving velocity is 5kmph. The carrier frequency is 2.5GHz. The system bandwidth is 10MHz, and 840 sub-carriers are available, i.e. N=840. Sub-carrier spacing is 11.16 kHz, and CP is set to be 5.6μs to eliminate inter-symbol interference. Candidate modulation schemes in Table 1 are employed for adaptive modulation (bit loading). The proposed method is compared with the fixed allocation method from [9] and ordered allocation method from [11] . And performance for BER, throughput and fairness is provided.
A. BER performance BER performance reflects the ability to satisfy QoS requirement. As mentioned above, target BER of 10 -3 is investigated in the section. So it is required that the resource allocation www.intechopen.com where ε denotes BER. Performance with fixed method, ordered method and the proposed method when M=8 in the section is given out. As can be seen from Fig. 7 , performances for the ordered method can obtain the highest overall throughput among all the methods, and throughput for the fixed sub-carrier allocation method is the worst. When SNR is low, the proposed method obtains lower throughput than that with the ordered method, but larger than the fixed method. When SNR=10dB, it obtains 0.8bits/symbol gain over the fixed method, about 46% improvement. When SNR is high enough, the proposed method can obtain the same overall throughput as the ordered method. When SNR=20dB, it obtains 1.3bits/symbol gain over the fixed method, and only 0.15bits/symbol lower than the ordered method. The throughput is lower as the cost for excellent fairness, as will be introduced below.
B. Fairness
Though there is little difference in the overall throughput for the proposed method compared with the ordered method, the fairness can be guaranteed very well. Firstly, we investigate the allocated bit for all users. Fig. 8 shows an example to the allocated bits of all users for different methods when M=8 and SNR=25dB. It can be seen that, when the fixed method is adopted, allocated bits number varies much for all the 8 users, the difference between the bits number of the users with most allocated bits and the least allocated bits is as high as 34bits; when the ordered method is adopted, fairness is improved much, and the maximum difference among the allocated bits of all the users is 3 bits. When the proposed method is adopted, all users are allocated with the same number of bits; what's more, the number of bits allocated to the users are almost the same as the maximal value with the ordered method, and much larger than that with the fixed method. Since Fig. 8 is only an example, further work was carried out to prove the advantage of the proposed method. Since there exist channel fading and AWGN for all links, the rightly demodulated bits (or transmittable bits) should be concerned most to evaluate the fairness performance. Therefore, we take the transmittable bits variance (TBV) among all users to evaluate fairness performance of all the methods. TBV can be calculated through www.intechopen.com TBV is large, the transmittable bits numbers for all the users vary much, and such method cannot bring good fairness to the system. Low TBV denotes that the numbers for transmittable bits for all the users are quite near, which means that such method is a fair resource allocation solution. Transmittable bits variances for the 3 methods versus user number for SNR=15dB are shown in Fig. 9 . As the number of users increases, the average allocated bits number decreases, so TBV is reduced. For the fixed method, the transmittable bit variance is quite high, which can be explained by the fact that channel fading for different users varies greatly. As for the ordered method, since fairness is guaranteed through allocating the same number of subcarriers according to CSI of all users, TBV is lower than the fixed method. But the variance is still high, when there are 4 users in the system, TBV can reach more than 10000. The proposed method can perform excellent in fairness. Fig. 9 indicates that it obtains much lower TBV than the fixed method and the ordered method. When the number of users is 4, TBV can be further reduced by about 80% compared to the ordered method. From the simulation results and analysis we can see that, the proposed method takes advantage of Greedy algorithm for many times, and can obtain nice BER performance, so it can provide required QoS guaranteeing. It can bring much larger throughput (more than 40%) than the fixed method. It performs a little worse than the ordered method, but when fairness is concerned, the cost is worthy. The proposed method with application of Greedy algorithm for many times can bring excellent fairness performance over the other methods.
It is recommended to be adopted for services with tight fairness requirement among all users.
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Application of greedy algorithm in OFDM relaying systems
The Greedy algorithm can be also adopted in OFDM relaying systems. In this section, we carry out research into the adaptive bit and power allocation technique in relaying system. Since there are several modes for relaying system, we take amplify-and-forward (AF) mode for example.
AF-OFDM relaying system model
AF-OFDM relaying system model is shown in Fig. 10 , where a two-hop system is considered for its implementation advantages. In the first hop, source bits are modulated, and are allocated with a certain power at source station (SS). Then the modulated signals construct OFDM symbols, which are transmitted to relay station (RS). At RS, power amplification is carried out after signals on all sub-carriers are obtained. In the second hop, these signals are transmitted to the destination station (DS). After demodulation to the received signals on all the sub-carriers, source bits are recovered finally. During both hops, signals experience channel fading and AWGN. Channel transfer functions for the two hops are independent with each other since the two hops happen between different transmitters and receivers on different time slots.
Fig. 10. AF-OFDM relaying system model
We first introduce the basic model. Assume there are K sub-carriers in the OFDM system, and the channel transfer function of the k-th sub-carrier in the i-th hop is H i,k . Then the first hop can be expressed as:
where S k and P 1,k denote the modulated signal and allocated power on the k-th sub-carrier, respectively; E[|S k | 2 ]=1; n 1,k denotes AWGN with variance of σ 1 2 ; R k denotes the received signal at RS. Amplification is carried out at RS. Assume the amplification factor is ρ k . Therefore, the average transmit power of the k-th sub-carrier at RS on the second hop is P 2,k =|ρ k R k | 2 . Hence, ρ k can be calculated as
The second hop can be expressed as: 
We take adaptive bit allocation into account, i.e. modulation on all sub-carriers can be adjusted according to the channel condition. We assume that L candidate modulations can be selected, and every signal with the l-th (l=1, 2, …, L) modulation is loaded with b(l) bits. The candidate modulations in the research and their throughputs are shown in Table 2 . We assume that the k-th sub-carrier adopts the l k -th modulation. Hence, the adaptive bit and power allocation (ABPA) problem in a two-hop AF-OFDM relaying system is described as how to allocate bits and power in the transmission (i.e. l k , P 1,k and P 2,k ), so as to maximize system throughput subject to BER requirement and power constraint. In the section, we assume the target BER (BER tgt ) to be 10 -3 . Hence γ k should be higher than a certain threshold so as to achieve BER tgt . We assume the threshold for the l k -th modulation is T(l k ), which is also provided in Table I for BER tgt =10 -3 . 
Usually, such problem can be solved with Greedy algorithm [13] , whose main concept is to achieve the global optimal allocation with many local optimal allocations. During every local optimal allocation, the least additional bits are allocated to the sub-carrier which requires the least additional power to satisfy BER requirement. Such allocations continue until the remaining power is not enough to support more bits. According to Table 2 , the least additional bit number for every allocation is 2 in the section. Since the allocation of power relates to P 1,k and P 2,k , we discuss the problem for different cases: 1) Adaptive PA at SS or RS; 2) Adaptive PA at SS and RS. A. Adaptive PA at SS or RS When P 2,k is fixed and P 1,k can be adjusted according to channel condition, we assume 2, 1, 1 1 ,
From (20), when the k-th sub-carrier adopts the l k -th modulation, we can get the required power as follows.
Hence, in order to further load additional 2 bits on the k-th sub-carrier, the required additional power is
According to Greedy algorithm, the sub-carrier with the minimum ΔP k SS will be allocated with 2 bits during every allocation. Such allocations will be terminated when the remaining power is not enough to support more bits. When P 1,k is fixed and P 2,k can be adjusted, we assume
We take the similar measures to the scheme with adaptive PA at SS. In this case, when the kth sub-carrier adopts the l k -th modulation, the required power for the sub-carrier is as follows.
And the least additional power to further load additional 2 bits on the k-th sub-carrier is
The sub-carrier with minimum ΔP k SS is allocated with additional 2 bits in every allocation. The courses continue until the remaining power is not enough to support more bits. B. Adaptive PA at SS and RS When P 1,k and P 2,k can both be adjusted, we assume P k = P 1,k + P 2,k . According to [14] , the optimal power allocation strategy to achieve the highest capacity is described as follows.
We combine (27) with (20), and get the following equation.
According to Greedy algorithm, once we obtain the required power P k on the k-th subcarrier with the l k -th modulation for k=1, 2, …, K, we can determine the sub-carrier which requires the least additional power to support additional 2 bits for every local optimal allocation. From (28), we obtain a quadratic equation regarding P k as follows. 
Consequently, when the k-th sub-carrier adopts the l k -th modulation, the least required power is 
ABPA Problem and solutions with APC
Unlike the ABPA problem with IPC, the problem with APC requires the average total power to be limited to P. So the problem can be described as ) arg max ( ) ( , )
www.intechopen.com where p(G 1,k , G 2,k ) denotes the probability of (G 1,k , G 2,k ); (32a) and (32b) illustrates APC and BER requirement, respectively. According to [15] , distributions of channel transfer functions for all sub-carriers are the same in an OFDM system. So we omit the subscript k in the following description. Note that the following operation is carried out for all sub-carriers. We assume that Φ l denotes (G 1 , G 2 ) set whose elements support the l-th modulation. Hence we rewrite the problem as follows. 
Similar to the problem with IPC, we discuss the problem for different cases: 1) Adaptive PA at SS or RS; 2) Adaptive PA at SS and RS. A. Adaptive PA at SS or RS Assume that P 2 is fixed, and P 1 can be adjusted according to channel condition, we assume that
Similar to (25), when the l-th modulation is adopted, the required power is
Then (35) 
Hence, the problem of (34) becomes to be which (G 1 , G 2 ) elements belong to Φ l (l=1, 2, …, L), i.e. which (G 1 , G 2 ) area belongs to Φ l , so as to maximize average throughput under the constraint of BER and transmit power. Usually, such kind of problem may be solved with aid of Lagrange method. We assume that 
However, from (38) we can notice that double integrals referring to G 1 and G 2 are involved, and it is impossible to transfer (38) into another problem with single integral. Hence the (G 1 , G 2 ) area for Φ l cannot be determined with Lagrange method. In order to solve the problem, we utilize the definition of integral to consider another problem as follows. 
where ∆G is a small real number. Consequently, when N approaches infinity and ∆G approaches infinitesimal, the problem of (39) is just the same as the problem of (33). We observe the problem of (39), and can find that it can be described as how to allocate bits and power for N 2 different (G 1 , G 2 ) elements, so as to maximize the system throughput. Such problem is similar to the problem in Section 5.2, and can also be solved with Greedy algorithm. With aid of computer simulation, we can obtain the (G 1 , G 2 ) area to adopt the l-th modulation, i.e. Φ l for all l. The areas of Φ l when P/σ 2 =30dB for Rayleigh fading channel are depicted in Fig. 11 , where different colour denotes (G 1 , G 2 ) areas for different modulations. Fig. 11 . Area of Φ l for scheme with adaptive PA at SS When P 1 is fixed and P 2 can be adjusted according to channel condition, we assume that
,( , )
With the same method, we can obtain the (G 1 , G 2 ) area to adopt the l-th modulation, i.e. Φ l for all l. The areas of Φ l when P/σ 2 =30dB for Rayleigh fading channel are depicted in Fig. 12 . B. Adaptive PA at SS and RS When P 1 and P 2 can both be adjusted, we have to determine l, P 1 , and P 2 jointly. We assume P A = P 1 + P 2 , and follow the similar allocation to (27) to allocate power at SS and RS. In order www.intechopen.com to determine the (G 1 , G 2 ) area for the l-th modulation, we consider another problem as follows.
With the same method above, we can obtain Φ l for all l in the case. The areas of Φ l when P/σ 2 =30dB for Rayleigh fading channel are depicted in Fig. 13 . Fig. 13 . Area of Φ l for scheme with adaptive PA at SS and RS www.intechopen.com
From Fig. 11 to Fig. 13 , we can see that the boundaries between the areas of Φ l are like hyperbolas. The areas of Φ l for the scheme with adaptive PA at SS and the scheme with adaptive PA at RS are reverse. As for the scheme with adaptive PA at SS and RS, the areas to adopt higher order modulation (e.g. 1024QAM) are wider than the other two schemes. That is to say, this scheme is more likely to adopt higher order modulation (allocated with more bits), because both P 1 and P 2 can be adjusted and more adaptation can be obtained.
Simulation and analysis
In order to evaluate the performance of the proposed solutions in the section, numerical simulation is carried out, in which both large-scale fading and small-scale fading are both taken into consideration. The number of sub-carriers is 32. We assume Fig. 14 gives out their BER performance vs. SNR for the schemes. When SNR is low, low order modulation (e.g. QPSK) may be adopted frequently; when SNR is high, higher order modulation (e.g. 256QAM) may be adopted, so BER remains almost the same as that when SNR is low. It can be seen that all solutions can bring to BER performance close to the target BER 10 -3 . This is because the power allocation at SS and RS can make the SNR of received signals to be the threshold to satisfy BER tgt. Hence, the proposed schemes can perform well in BER performance. . As for the three schemes with IPC, the distributions of P A are almost the same. The value of P A /P ranges from 0.92 to 1, which means that the instantaneous total power P A is always lower than P, which is the requirement of IPC. As for the three schemes with APC, the distributions of P A are almost the same, too. Hence, for the scheme of adaptive PA at SS and RS, though the transmit power can both be adjusted at SS and RS, the range for the total power is not improved, i.e. more adaptation on power doesn't cause the total power to vary more. From the figure, P A of the schemes with APC can range more widely than that with IPC, from 0.75 to 1.25 approximately, but its mean value is restricted to be P. Compared with the scheme with IPC, the scheme with APC can take use of more power in average. 3) System throughput: Fig. 16 and Fig. 17 gives out the system throughput vs. DSR when SNR equals to 0dB and 20dB, respectively. The throughput is calculated as the average correctly transmitted bit number per OFDM symbol divided by the number of sub-carriers. Throughput may be 0 because the channel condition is terrible and "no transmission" is adopted. The schemes with IPC has lower throughput than that with APC, due to the fact that they obtains different constraint for total transmit power. When SNR equals to 0dB, the difference can achieve 10% (0.04bits/symbol). When SNR is higher, throughputs for IPC and APC solutions are quite close, because the impact of transmit power constraint is not dominant for throughput when SNR is high. As a conclusion, the Greedy algorithm can be applied into OFDM relaying system to achieve the maximum throughput subject to the BER and transmit power constraint. 
Conclusion
In this chapter we have presented the potential of link adaptation technique in wideband wireless communication systems with aid of Greedy algorithm. Link adaptation in OFDM systems is introduced firstly in section 2, i.e. how to allocation bits and power in all subcarriers to maximize the throughput. The optimal solution can be obtained with Greedy algorithm. The detail description is given out in section 3. Simulation results are shown, which indicate that the throughput is maximized with guaranteed BER performance. When multiple user case is concerned, the problem gets more complex. The section 4 provides a
